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τ BRANCHING FRACTIONS

Revised April 2008 by K.G. Hayes (Hillsdale College).

The B factories continue to dominate experimental pub-

lications on the τ . Since the previous edition of this Review,

there have been 15 published papers that have contributed

measurements to the τ Listings, including 6 from the BaBar

Collaboration and 8 from the Belle Collaboration. Seven of

these papers have provided new upper limits on the branching

fractions for neutrinoless τ -decay modes. Of the 57 neutrionless

τ - decay modes in the τ Listings, 2 are new and 25 have

had improved limits set. The upper limits have been reduced

by factors that range between 1.1 and 127, and the average

reduction factor is 29.

There are now 13 measurements and 6 upper limits from

Belle and BaBar on branching fractions of conventional τ decay

modes, up from 1 measurement and 3 upper limits in the 2006

edition of this Review. For those branching fractions where

older non-B-factory measurements existed, the new B-factory

measurements have on average about fifty times the number

of events as the most precise earlier measurements, and the

statistical uncertainties on the B-factory measurements are on

average about seven times smaller. However, the systematic

uncertainties now greatly exceed the statistical uncertainties on

nearly all B-factory branching fraction measurements, except

those with the smallest measured branching fractions. For ex-

ample, the average ratio of systematic to statistical uncertainty

of the B-factory measurements of branching fractions larger

than 10−4 is about 6.5, while the average ratio for branching

fractions smaller than 10−4 is about 1.0. Thus, the total uncer-

tainty on the branching fraction measurements from B factories

is on average only about 3 times smaller than the previous most

precise non-B-factory measurements.

The constrained fit to τ branching fractions: The Lepton

Summary Table and the List of τ -Decay Modes contain branch-

ing fractions for 119 conventional τ -decay modes and upper

limits on the branching fractions for 28 other conventional τ -

decay modes. Of the 119 modes with branching fractions, 82 are
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derived from a constrained fit to τ branching fraction data. The

goal of the constrained fit is to make optimal use of the exper-

imental data to determine τ branching fractions. For example,

the branching fractions for the decay mode τ− → π−π+π−π0ντ

is determined mostly from experimental measurements of the

branching fraction for τ− → h−h−h+π0ντ and measurements

of exclusive branching fractions for 3-prong modes containing

charged kaons and 1 π0.

Branching fractions from the constrained fit are derived

from a set of basis modes. The basis modes form an exclusive

set whose branching fractions are constrained to sum exactly

to one. The set of selected basis modes expands as branching

fraction measurements for new τ -decay modes are published.

The number of basis modes has expanded from 12 in the year

1994 fit to 31 in the 2002 through 2008 fits. The 31 basis

modes selected for the 2008 fit are listed in Table 1. See the

1996 edition of this Review [1] for a complete description of

our notation for naming τ -decay modes and the selection of

the basis modes. For each edition since the 1996 edition, the

changes in the selected basis modes from the previous edition

are described in the τ Branching Fractions Review. Figure 1

illustrates the basis mode branching fractions from the 2008 fit.

In selecting the basis modes, assumptions and choices must

be made. For example, we assume the decays τ− → π−K+π− ≥

0π0ντ and τ− → π+K−K− ≥ 0π0ντ have negligible branch-

ing fractions. This is consistent with standard model predic-

tions for τ decay, although the experimental limits for these

branching fractions are not very stringent. The 95% confidence

level upper limits for these branching fractions in the cur-

rent Listings are B(τ− → π−K+π− ≥ 0π0ντ ) < 0.25% and

B(τ− → π+K−K− ≥ 0π0ντ ) < 0.09%, values not so different

from measured branching fractions for allowed 3-prong modes

containing charged kaons. Although our usual goal is to impose

as few theoretical constraints as possible so that the world

averages and fit results can be used to test the theoretical con-

straints (i.e., we do not make use of the theoretical constraint

from lepton universality on the ratio of the τ -leptonic branching

fractions B(τ− → µ−νµντ )/ B(τ− → e−νeντ ) = 0.9726), the
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Table 1: Basis modes for the 2008 fit to τ branching
fraction data.

e−νeντ K−K0π0ντ

µ−νµντ π−π+π−ντ (ex. K0, ω)

π−ντ π−π+π−π0ντ (ex. K0, ω)

π−π0ντ K−π+π−ντ (ex. K0)

π−2π0ντ (ex. K0) K−π+π−π0ντ (ex. K0, η)

π−3π0ντ (ex. K0) K−K+π−ντ

h−4π0ντ (ex. K0, η) K−K+π−π0ντ

K−ντ h−h−h+2π0ντ (ex. K0, ω, η)

K−π0ντ h−h−h+3π0ντ

K−2π0ντ (ex. K0) 3h−2h+ντ (ex. K0)

K−3π0ντ (ex. K0, η) 3h−2h+π0ντ (ex. K0)

π−K
0
ντ h−ωντ

π−K
0
π0ντ h−ωπ0ντ

π−K0
SK0

Sντ ηπ−π0ντ

π−K0
SK0

Lντ ηK−ντ

K−K0ντ

experimental challenge to identify charged prongs in 3-prong

τ decays is sufficiently difficult that experimenters have been

forced to make these assumptions when measuring the branch-

ing fractions of the allowed decays. We are constrained by the

assumptions made by the experimenters.

There are several τ -decay modes with small but well-

measured (> 2.5 sigma from zero) branching fractions [2] which

cannot be expressed in terms of the selected basis modes and

are therefore left out of the fit:

B(τ− → π−K0
SK0

Lπ0ντ ) = (3.1 ± 1.2) × 10−4

B(τ− → 2K−K+ντ ) = (0.158 ± 0.018) × 10−4

B(τ− → ηK
0
π−ντ ) = (2.2 ± 0.7) × 10−4

Certain components of other small but well-measured τ -decay

modes cannot be expressed in terms of the selected basis modes

and therefore are also left out of the fit:
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Figure 1: Basis mode branching fractions of
the τ . Six modes account for 90% of the decays,
25 modes account for the last 10%. The list
of excluded intermediate states for each basis
mode has been suppressed.
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B(τ− → ηπ−π0π0ντ )×

B(η→γγ or η→π+π−γ or η → 3π0)= (1.1 ± 0.4) × 10−4,

B(τ− → ηπ−π+π−ντ )×

B(η → γγ or η → π+π−γ) = (1.0 ± 0.2) × 10−4,

B(τ− → φK−ντ )×

B(φ → K0
SK0

L or φ → ηγ) = (0.13 ± 0.01) × 10−4,

B(τ−→f1(1285)π−ντ )B(f1(1285)→ρ0γ)= (0.27 ± 0.07) × 10−4,

B(τ− → h−ωπ0π0ντ )B(ω → π0γ) = (0.12 ± 0.04) × 10−4,

B(τ− → 2h−h+ωντ )B(ω → π0γ) = (0.10 ± 0.02) × 10−4.

The sum of these excluded branching fractions is (0.08 ±

0.01)%. This is near our goal of 0.1% for the internal consistency

of the τ Listings for this edition, and thus for simplicity we do

not include these small branching fraction decay modes in the

basis set.

Beginning with the 2002 edition, the fit algorithm has

been improved to allow for correlations between branching

fraction measurements used in the fit. If only a few measure-

ments are correlated, the correlation coefficients are listed in

the footnote for each measurement. If a large number of mea-

surements are correlated, then the full correlation matrix is

listed in the footnote to the measurement that first appears

in the τ Listings. Footnotes to the other measurements refer

to the first measurement. For example, the large correlation

matrices for the branching fraction measurements contained in

Refs. [3,4] are listed in Footnotes to the Γ(e−νeντ )/Γtotal and

Γ(h−ντ )/Γtotal measurements respectively. Sometimes experi-

mental papers contain correlation coefficients between measure-

ments using only statistical errors without including systematic

errors. We usually cannot make use of these correlation coeffi-

cients.

The 2008 constrained fit has a χ2 of 95.7 for 100 degrees

of freedom up from 77.5 for 95 degrees of freedom in the

2006 fit. No basis-mode branching fractions changed by more

than 1.5 σ from their 2006 values. However, some of the

new precise B-factory branching-fraction measurements are

somewhat inconsistent with earlier less precise measurements.

For example, seven decay modes used in the 2008 fit had fit scale
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factors larger than 1.6, while there were no modes in the 2006 fit

with scale factors this large. Most of the large scale factors can

be traced to the inclusion of three new measurements: the Belle

Collaboration [5] measurement of B(π−K
0
ντ ), and the BaBar

Collaboration [6] measurements of B(K−π+π−ντ (ex. K0)) and

B(K−K+π−ντ ).

Overconsistency of Leptonic Branching Fraction Mea-

surements: To minimize the effects of older experiments which

often have larger systematic errors and sometimes make assump-

tions that have later been shown to be invalid, we exclude old

measurements in decay modes which contain at least several

newer data of much higher precision. As a rule, we exclude

those experiments with large errors which together would con-

tribute no more than 5% of the weight in the average. This

procedure leaves five measurements for Be ≡ B(τ− → e−νeντ )

and five measurements for Bµ ≡ B(τ− → µ−νµντ ). For both

Be and Bµ, the selected measurements are considerably more

consistent with each other than should be expected from the

quoted errors on the individual measurements. The χ2 from the

calculation of the average of the selected measurements is 0.34

for Be and 0.08 for Bµ. Assuming normal errors, the probability

of a smaller χ2 is 1.3% for Be and 0.08% for Bµ.
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